A generalized finite-range liquid-drop model based on the Yukawa-plusexponential potential was applied to describe fission dynamics of hot rotating nuclei. The potential energy, level-density parameter and Helmholtz free energy are calculated in a consistent way by using the generalized finiterange liquid-drop model. The level-density parameter was approximated by a leptodermous-type expression. The coefficients of this expansion are in surprisingly good agreement with those obtained earlier by Ignatyuk and co-workers. The results of Langevin dynamical calculations of the mean prescission neutron multiplicity and fission probability are practically the same both for the level-density parameter calculated with Ignatyuk's coefficients and the one calculated using the generalized finite-range liquid-drop model. This fact lets us assume that all previous results of dynamical Langevin calculations performed with Ignatyuk's level-density parameter stay reliable.
Introduction
The finite-range liquid-drop model (LDM) based on the Yukawa-plus-exponential potential was formulated and developed at the end of the 1970s in pioneering works [1] [2] [3] . During the past two decades it has been extensively and rather successfully employed to calculate various properties of nuclei. Its parameters and accuracy in prediction of different characteristics of nuclei are well documented [4] [5] [6] [7] . However, it should be stressed that the greatest part of the applications of the finite-range LDM is restricted to nuclei at zero temperature. For this case a standard set of data consisting of all empirically known ground-state binding energies and fission-barrier heights (corrected for shell and deformation effects), some fusion-barrier heights, equivalent shape radii and the average charge diffuseness is used to fit the parameters of the finite-range LDM, providing high accuracy in nuclear-structure calculations [4, 5, 7] .
Obviously, such experimental information does not exist for hot nuclei. Therefore, one has to rely on the extended temperature-dependent Thomas-Fermi calculation [8] . A few years ago the finite-range LDM based on the Yukawa-plus-exponential potential was generalized by Krappe [9] to describe the temperature dependence of the nuclear free energy. This dependence is obtained by fitting the results of the former temperature-dependent ThomasFermi calculation [10] with a finite-range mass formula.
It is well known that in order to calculate the conservative part of the driving force governing the collective motion of a thermodynamical system one should use a thermodynamical potential (for instance, the free energy [8] [9] [10] or entropy [11] ) rather than the bare potential. It should be noted that in all so far performed dynamical Langevin calculations the finite-range LDM has not been employed in a real consistent way. The functional of the free energy or entropy (e.g. [12, 13] ) is constructed from the finite-range LDM as input for the potential energy whereas the coordinate-dependent level-density parameter has been chosen as a leptodermous-type expression [14, 15] . Unfortunately, the formula for the leveldensity parameter based on the finite-range LDM was not available until the above-mentioned publication of Krappe. It is easy to see from the expressions for the thermodynamical potentials (the free energy or entropy) within the Fermi-gas model that the driving force in thermodynamical system consists of the usual conservative force plus a term that comes from the thermodynamical properties of the excited nucleus which enters via the level-density parameter. The additional force introduced into dynamical equations by using the free energy instead of the potential energy effectively corresponds to the temperature-dependent term in the surface energy. Such a kind of generalization of the surface energy calculated in the Yukawaplus-exponential model has been successfully applied for the simultaneous description of fission characteristics in [16, 17] . Using the temperature-dependent term in the surface energy is not satisfactory from the viewpoint of consistency of the model in spite of good agreement between calculated results and experimental data in [16, 17] .
The aim of our study is twofold. First, we would like to realize and elucidate the effects of consistent application of the finite-range LDM in Langevin dynamical calculations. The second aim concerns a parametric representation of the level-density parameter of the leptodermous-type expression, which is widely used in nuclear physics [14, 15] . The need for such parametric representation arises as follows. The level-density parameter is an essential input quantity both in the statistical calculations of the decay widths and the dynamical Langevin calculations of the decay of the fissioning nucleus.
The paper is organized as follows. We shall describe the finite-range LDM generalized by Krappe with necessary input parameters in the next section. The essential details of the Langevin model are given in section 3. Section 4 is devoted to results obtained from this study and to their discussion. Finally, a summary and conclusions are given in section 5.
Temperature-dependent finite-range liquid-drop model
The Helmholtz free energy in the finite-range LDM based on the Yukawa-plus-exponential mass formula as a function of the mass number A = N + Z, relative neutron excess I = (N − Z)/A and a set of collective coordinates q has been suggested [9] in the following form:
where a v , a s and a c are the usual volume, surface and Coulomb energy parameters of the finite-range LDM at zero temperature and k v and k s are the corresponding volume and surface 
The last term in equation (1) represents the rotational energy with the shape-dependent rigidbody moment of inertia and takes into account the diffuseness of a realistic nuclear density [18] . The functionals of the generalized nuclear energy and Coulomb energy given by equations (2) and (3), respectively, model effects of finite range of nuclear forces and the realistic distributions of charge and nuclear densities. These functionals in the finite-range LDM are no longer independent of the size of the nuclear drop and must be calculated for any specific nucleus in contrast to the LDM with a sharp surface. For spherical nuclei they are also no longer equal to 1, but they can be evaluated in closed form [9] . The temperature dependence of the seven coefficients in equation (1) 
which can be expected [10] to be valid for T 4 MeV. The most complete information about the thermal coefficients x i has been obtained through the self-consistent extended ThomasFermi calculations with SkM * interaction [8, 10] . A liquid-drop expansion of these results for the Gibbs free energy has been converted in [9] to the structure of equation (1) . The values of 14 parameters recommended in [9] and used in the present work are listed in table 1.
If the Helmholtz free energy is available, the entropy and the level-density parameter can be obtained from the thermodynamic relation and well-known formula of the Fermi-gas model,
We have calculated the deformation dependence of the level-density parameter by equations (1) and (5) for two values of the nuclear temperature. The results are shown in figure 1 . A valuable conclusion can be made from this figure: a (q, T ) is weakly dependent on the nuclear temperature T. The same result has been obtained in [9] for the spherical nuclei. Thus, we suppose a (q, T ) in the finite-range LDM is independent of the nuclear temperature and calculate it at T = 1.5 MeV. It appreciably simplifies the application of the finite-range LDM, especially to multidimensional Langevin simulations.
From the Fermi-gas model one has where E int (q, T ) and E(q, T ) are the internal and total excitation energies of the nucleus, respectively. It follows from equations (5) and (6) that the temperature dependence of the Helmholtz free energy can be approximated by the expansion
where V (q) is the zero-temperature potential energy surface. The microscopic self-consistent Thomas-Fermi calculations [8] with SkM * interaction have shown that equation (7) can be a reasonable approximation for T 4 MeV. Figure 2 shows the coordinate dependence of the Helmholtz free energy calculated for the nucleus 200 Pb within the finite-range LDM with parameters listed in table 1. Note, that the dependences of F (q, T ) are very similar qualitatively as well as quantitatively to those obtained in the extended Thomas-Fermi calculations [8] .
It is seen also from figure 2 that the dependence of the Helmholtz free energy as a function of elongation parameter calculated in the finite-range LDM is practically the same as that obtained inconsistently by using the Ignatyuk level-density parameter. The difference in the heights of the fission barriers increases with increasing temperature and does not exceed 15-20% even at the temperature T = 4 MeV. While modelling fusion-fission reactions of highly excited compound nuclei one has to calculate the coefficients of the Langevin equations at T = 1.5-3.0 MeV. Therefore, the difference in the heights of the fission barriers shown in figure 2 has no drastic effect on the whole fission dynamics and on the observables of the fission process. Our calculations performed in the present work confirm this assumption (see a more detailed discussion in section 4).
Langevin equations
We have discussed the three-dimensional Langevin model with the various input parameters in recent publications [12, 19] . In the present paper we shall use the same notation and ingredients constituting the model briefly described below. In our dynamical calculations we use the well-known {c, h, α} parametrization [20] . But in the present paper we simplify our calculations by considering only one collective coordinate-the elongation parameter c. Other shape parameters are equal to zero (h = α = 0). The condition α = 0 corresponds to symmetric fission, and h = 0 approximately determines the bottom of the fission valley of the potential landscape in (c, h) coordinates. The three-dimensional Langevin dynamical calculations are very time consuming. Moreover, one collective coordinate is enough to analyse the mean prescission neutron multiplicity n pre and fission probability P f that are very sensitive to the level-density parameter. At the same time, it has a minimal effect on the parameters of the mass-energy distribution of fission fragments. The parameters of the energy distribution (the mean kinetic energy of fission fragments and its variance) are determined mainly by the scission condition and the number of collective coordinates considered [17] . The parameters of the mass distribution depend strongly on the friction and stiffness of the potential energy with respect to the mass-asymmetry coordinate. The preliminary results of the three-dimensional Langevin calculations performed with the level-density parameter from the temperature-dependent finite-range LDM do not differ crucially from the earlier results obtained with Ignatyuk's level-density parameter [12, 19] . The results of these calculations will be published elsewhere. Thus, the three-dimensional Langevin model has been reduced to the one-dimensional one.
The coupled full Langevin equations for one dimension with collective coordinate c and its conjugate momentum p have the form
The index 'n' in (8) denotes that the related quantity is calculated at time t n = nτ , where τ is the integration time step. The random force θ (n) ξ (n) represents the interaction between the fission degree of freedom and the 'heat bath' constituted by the rest of the nuclear degrees of freedom. The inertia coefficient m (µ = 1/m) is calculated by means of the Werner-Wheeler approximation [21] for incompressible irrotational flow. A modified one-body mechanism for nuclear dissipation [22, 23] has been applied to calculate the friction coefficient γ . As was obtained in our previous studies [12, 19] , we used the reduction coefficient [22] (equal to 0.25) of the contribution from the wall formula. Expressions for the conservative force K(q), where q is the collective coordinate, can be derived from the well-known thermodynamical relations [11, 24] 
It should be noted that both definitions of K are equivalent and a choice of specific expression for K is a matter of convenience. It is seen from the first part of equation (9) that the conservative driving force for the Fermi-gas model can be expressed in the form (for the collective coordinate c)
We have used this formula for the conservative driving force in the Langevin simulations. The potential energy of the nucleus has been calculated in the framework of the finite-range LDM [4] . The level-density parameter from the finite-range LDM explicitly depends on the mass number of the nucleus. Therefore, one should take into account this dependence if evaporation of light particles is considered. The simplest way to do this is to recalculate the level-density parameter using equations (1) and (5) after each particle-evaporation event. But this procedure requires much calculation time. Thus, some kind of approximation should be applied. Our empirically estimated dependence of the level-density parameter on the mass number A is
4/3 , where indices 'm' and 'd' refer to the mother and daughter nuclei, respectively. The error introduced by the proposed procedure does not exceed the value of 1-2%.
The initial conditions are chosen by the Neumann method with the generating function
We assume the initial state of the fissioning system c 0 at its ground state for each angular momentum I. But for large values of I a potential energy pocket disappears, and the choice of initial collective coordinate becomes undefined. Therefore, we start modelling fission dynamics from a spherical nucleus, i.e., c 0 = 1. The initial state is assumed to be characterized by the thermal equilibrium momentum distribution. The initial spin distribution function F (I ) is taken from [11] . The dynamical model is coupled with a statistical model as suggested in [25] . This facilitates modelling evaporation of light particles and fission of nuclei with low fissility. In [12] we have used the free-energy potential in order to calculate the quasistationary value of the fission width. In the one-dimensional case this expression for the quasistationary fission width is as follows:
and the Kramers frequency ω K is the only positive root of the equation Index 'gs' ('sd') means that the quantity is calculated at the ground-state (saddle-point) deformation.
Expression (12) is justified for an isothermic process, but for the fission process it is an approximation. The accuracy of this approximation becomes lower as the excitation energy of the nucleus decreases. Nuclear fission (between particle-evaporation events) is a process with constant total excitation energy. For such a process the entropy is a natural thermodynamical potential. Therefore, in this paper we use the following expression for the quasistationary value of the fission width [13] :
where 2 gs(sd) = −µ gs(sd) T gs(sd)
In (15) ω K is determined by solving equation (14) (12) and (15) are shown in figure 3 . The calculations have been carried out for two level-density parameters for the 224 Th nucleus with the excitation energy E * = 37.2 MeV and zero angular momentum. It is clearly seen that the quasistationary fission rates obtained dynamically and by expression (15) are in agreement. In contrast, expression (12) overestimates the values of R f . Therefore, the replacement of the free energy by the entropy allows us to better describe the fission rates calculated dynamically. Discussions concerning the validity of equations (12) and (15) can be found in [11, 26] . Nevertheless, we recognize that the use of the entropy (or any other potential) is not the best solution of the problem. It is evident that equations (12) and (15) do not take into account the landscape of potential energy except for the ground state and saddle point. In our opinion, the most promising approach for the fission rate calculation is the concept of mean first passage time (MFPT) [27] . This method is widely used in other physics fields [28] . However, at present the concept of MFPT is applied in nuclear physics only for overdamped collective motion, which is not a general case. Development and application of the MFPT approach in nuclear physics for the fission rate calculation is necessary.
In figure 4 we present the dependence of the fission-barrier heights on the temperature and angular momentum for the compound nucleus 186 Os. The same behaviour of the fission barriers has been obtained in [29] for different temperature dependences of the fission potential. It is evident that the saddle-point configuration is situated at symmetrical nuclear shapes (α = 0). Therefore, we assumed the positions of the saddle points in the (c, h) collective coordinate space. We calculated the fission-barrier heights for a given orbital momentum L and nuclear temperature T as the difference between the minimal value of the free energy which corresponds to the ground state of the nucleus and the free energy at the saddle-point configuration. The position of the saddle point is practically independent of the nuclear temperature and lies close to the line h = 0. As can be seen from figure 4, the barrier heights decrease by about 2-4 MeV at the temperature T = 1.5-2 MeV in comparison with T = 0. This decrease of the fission barriers mainly influences the quasistationary value of the fission width f as well as the fission probability P f . The same result is true for the fission width calculated using the entropy (equation (15)).
The key quantity in any statistical model for the decay of excited nuclei is the level density ρ(E, I, q). The functional form used in our calculations for the level density at a fixed excitation energy E and angular momentum I is given by [30] ρ(E, I, q) = (2I + 1)a(q)
where J ⊥ (q) is the rigid-body moment of inertia of the nucleus with respect to the axis perpendicular to the nuclear symmetry axis and K rot(vib) (E) is the rotational (vibrational) collective enhancement of the level density We assume the same and constant values of E cr = 40 MeV and E = 10 MeV for the rotational and vibrational enhancements of the level density [31] . In expression (18) K 0 rot and K 0 vib are as follows [30] :
In (18) the function f (E) describes damping of the collective enhancements of the level density. As shown in our previous calculations [12] for the compound nucleus 224 Th, more than 80% of the prescission neutrons evaporate before the saddle point is reached (i.e. near the spherical deformation). It allows us to use the estimation of the vibrational enhancement given by equation (18) for the spherical deformation. It is well known that the rotational enhancement for the spherical nucleus equals one due to the symmetry effects. At the same time, the spherical deformation (c = 1) is never realized in the calculations except for the first step. Therefore, the rotational enhancement of the level density has been taken into account for each integration step of the Langevin equations. As noted in [31] , there is a problem of how to estimate the collective enhancements for weakly deformed shapes (the parameter of quadrupole deformation β 2 < 0.15). In the present paper we have used the same expressions for the level-density enhancement for all non-spherical deformations in order to avoid incorporation of additional adjustable parameters into the dynamical model.
It should be noted that in our previous calculations we have not taken into account the damping of the collective enhancements of the level density. The importance of collective effects in the nuclear level density and the vanishing of these effects with increasing nuclear temperature have been emphasized in many papers (e.g. [31] [32] [33] ). Nevertheless, these effects are seldom incorporated in Langevin models.
Results and discussions

Level-density parameter in the temperature-dependent finite-range liquid-drop model
The deformation dependence of the level-density parameter is often approximated by
where B s (q) is the dimensionless functional of the surface energy in the LDM with a sharp surface [20] , a 1 and a 2 are the volume and surface coefficients of the level-density parameter.
In figure 1 we compare the level-density parameter calculated in the temperature-dependent finite-range LDM and those obtained with frequently used sets of coefficients a 1 and a 2 [14, 15] . The values of the coefficients are listed in table 2. It is seen that the level-density parameter calculated with the coefficients of Ignatyuk and co-workers [14] has the weakest dependence on nuclear deformation, while a(q) obtained with the coefficients of Töke and Swiatecki [15] depends on the deformation more strongly. It becomes clear from figure 1 that the level-density parameter from the finite-range LDM [9] is close to that from the Ignatyuk parametrization.
We have approximated the deformation dependence of the level-density parameter by expression (19) in order to extract the values of the coefficients a 1 and a 2 . The approximation was performed for 70 nuclei along the line of beta stability from Z = 47 to Z = 116. The line of beta stability is described by the expression [34] 
We carried out an approximation procedure using the least-squares method taking into account the continuous nuclear shapes except for the shapes elongated more than the scission ones. We have assumed that the scission condition corresponds to the shapes of the fissioning nucleus with neck radius equal to 0.3R 0 . This scission condition is widely used in the literature [20, 35, 36] and discussed in detail in our previous paper [19] . The results of the approximation are listed in table 2. Evaluation of a 1 and a 2 has been done for the one-dimensional (h = α = 0), two-dimensional (α = 0) and three-dimensional cases Let us discuss the obtained values of the coefficients. First, we discuss the accuracy of our evaluation of a 1 and a 2 . Figure 5(a) shows how the values of the coefficients change along the line of beta stability. It is seen that the value of a 1 remains approximately constant, while a 2 decreases by about 20% from Z = 47 to Z = 116. Figures 5(b) and (c) demonstrate that the accuracy of the approximation is sufficient for numerical Langevin simulations in the deformation range considered. The coefficient a 2 determines the deformation dependence of the level-density parameter and, consequently, has a valuable meaning for the statistical and dynamical models of nuclear fission. The value of this coefficient is close to the Ignatyuk coefficient a 2 = 0.095 MeV −1 and differs more than a factor of two from the Töke and Swiatecki value a 2 = 0.274 MeV −1 . The second coefficient a 1 has close values in all approximations of a(q) considered here. Therefore, we expect the results of the consistent dynamical Langevin calculations in the framework of the finite-range LDM will be close to the results obtained with Ignatyuk's coefficients and appreciably differ from those obtained with the Töke and Swiatecki coefficients.
An approximation of the level-density parameter by an expression such as (19) has been used in [37] . But in this work the Coulomb energy term and isotopic dependence of the level-density parameter were taken into account:
where B coul (q) is the dimensionless functional of the Coulomb energy in the LDM with a sharp surface. The authors of [37] have used the Myers and Swiatecki parametrization of LDM with a sharp surface [38] . The contributions of the Coulomb term and isotopic dependence of a(q) are weak in comparison with the two terms entering (19) . In view of this we may compare the results of the present paper (see table 2 ) and of [37] a vol = 0.0533 MeV
We should point out the good quantitative agreement of the coefficients a 1 and a 2 obtained in the present paper with a vol and a surf . We also want to quote another paper of Pomorski and co-workers [39] . This paper is devoted to the analysis of the level-density parameter in the framework of relativistic meanfield theory for a great number of spherical even-even nuclei. The extracted values of the coefficients are
Comparing our results and those of [37, 39] we would like to make the following general remarks. First, in the papers under discussion the calculations of the level-density parameter and potential energy have been carried out consistently. Nevertheless, it is clear that using different model assumptions one can obtain appreciably different deformation dependences of the level-density parameter. Therefore, while developing the details of the planned analysis special attention should be drawn to consistency in choosing sets of parameters. In particular, the fission barriers (in statistical simulations), the conservative part of the driving force (in dynamical simulations), the nuclear temperature and the level-density parameter should be determined within the same model assumptions (as is done, for example, in the present paper and in [37, 39] ). Second, we have approximated the deformation dependence of the leveldensity parameter obtained from the finite-range LDM by equation (21), too. We have found that the Coulomb term in (21) is comparatively small and the values (signs and magnitudes) Figure 6 . The level-density parameter as a function of the mass number A along the beta-stability line at the spherical shape obtained from different approaches: the solid line is calculated by the leptodermous-type expression with the parameters of the finite-range LDM at the temperature T = 1.5 MeV; the dashed curve is obtained with Ignatyuk's coefficients; the dashed-dotted curve with the Töke and Swiatecki coefficients; the filled squares from the extended temperaturedependent Thomas-Fermi calculations [10] ; the filled circles from the relativistic mean-field theory calculations [39] . The data on the relativistic mean-field theory and temperature-dependent Thomas-Fermi calculations have been taken from figure 3 of [39] .
of the coefficients k vol and k surf are very sensitive to the nucleus totality chosen for the approximation. In contrast, the values of a vol and a surf weakly vary from nucleus to nucleus. This is the reason we have kept only two terms in the leptodermous-type expression (19) . In our opinion, the accuracy of the approximation does not suffer significantly from this reduction.
We compare the mass dependence of the level-density parameter in figure 6 . It is seen that the level-density parameter calculated in the finite-range LDM is within 10-15% in agreement with that obtained by Ignatyuk and co-workers for the Woods-Saxon potential well. The relativistic mean-field estimates [39] are larger than those evaluated with the SkM * force in the extended temperature-dependent Thomas-Fermi calculations [10] . The average mass dependence of the level-density parameter is quite similar in both self-consistent calculations [10, 39] , although there is a visible discrepancy in the prediction of these approaches.
Influence of choice of the level-density parameter on calculated observables
In order to investigate the influence of the choice of the level-density parameter on the values of experimentally observed quantities, we have carried out the one-dimensional Langevin calculations of the mean prescission neutron multiplicity n pre and fission probability P f for the two well-studied (both theoretically and experimentally) reactions 19 figure 7 . The experimental values of the fission probabilities for the reaction 16 O + 208 Pb → 224 Th have been obtained by the relation P f = σ fis /(σ fis + σ ER ), where the data on the evaporation residue cross sections σ ER are taken from [40, 41] and the data on the fission cross sections σ fis are from [40, 42, 43] . As can be seen from this figure, the values of n pre and P f consistently calculated in the finiterange LDM coincide with the values obtained with Ignatyuk's coefficients and appreciably differ from those obtained with the Töke and Swiatecki coefficients. The experimental data on n pre agree better with the results of theoretical calculations performed using Ignatyuk's level-density parameter, while the data on P f are described better with the Töke and Swiatecki coefficients. The same result was obtained earlier in the two-dimensional Langevin model [13] . In our opinion, Ignatyuk's coefficients are preferable to the coefficients of Töke and Swiatecki, because the level-density parameter calculated with Ignatyuk's coefficients is close to the one calculated using the temperature-dependent finite-range LDM.
It is seen from figure 7 that the collective enhancements of the level density notably influence the theoretically obtained values of n pre and P f . Moreover, these quantities are described better for the reactions studied in this paper if the collective enhancements are taken into account. The mean prescission neutron multiplicity and fission probability are the characteristics of the fission process that are frequently analysed in order to extract information concerning, for example, nuclear dissipation. Therefore, special attention should be drawn to a more accurate calculation of the level density and, in particular, to the collective enhancements of this quantity and their damping with the excitation energy.
As mentioned in the introduction, in [16, 17] the temperature dependence of the generalized surface energy was included in the form E s (q, T ) = E s (q, T = 0)(1 − ξT 2 ). The parameter ξ was calculated with the extended Thomas-Fermi model [49] . Theoretical estimations in [16] were carried out with two values of ξ (ξ = 0.014 MeV −2 and ξ = 0.009 MeV −2 ) for the reaction 19 F + 181 Ta → 200 Pb (E * = 80.7 MeV) with the Töke and Swiatecki level-density parameter. The conservative force in [16] was calculated as the derivative of the temperature-dependent potential energy. It is easy to see that the conservative force in this case is given by
where
2 is the zero-temperature surface energy for the spherical shape. Using equations (10) and (19) 
Assuming ∂B n (q)/∂q ∂B s (q)/∂q one has from the comparison of equations (22) and (23) [16] with ξ = 0.014 MeV −2 conform to our results obtained with the Töke and Swiatecki level-density parameter. These calculations can be considered as consistent, because the level-density parameter as well as the conservative force was obtained with the same coefficients. Quantitative agreement of the theoretical results with the experimental data on the mean prescission neutron multiplicity and fission probability is better for ξ = 0.014 MeV −2 than for ξ = 0.009 MeV −2 , though the value of nuclear dissipation influences the observables much more than ξ . At the same time, direct comparison of our results for the 200 Pb with those of [16] is impossible because the full one-body dissipation was used in [16] and the nuclear temperature was calculated with the assumption of spherical shape.
Conclusions
In the present paper we have applied the temperature-dependent finite-range LDM to calculate the level-density parameter and the potential energy.
The level-density parameter has been found to be independent of the nuclear temperature. This fact appreciably simplifies future multidimensional Langevin calculations.
We have performed one-dimensional Langevin calculations of the mean prescission neutron multiplicity and fission probability. The results show that the use of the leptodermoustype expression for the level-density parameter with the widely used Ignatyuk's coefficients as well as the consistent calculations within the finite-range LDM leads to the same values of the observables.
We can expect that the results of future three-dimensional Langevin calculations performed with the level-density parameter from the temperature-dependent finite-range LDM will not differ crucially from the earlier results obtained with Ignatyuk's level-density parameter [12, 19] . But it needs to be checked carefully for more founded conclusions about the influence of the level-density parameter on the calculated results including the parameters of the fission fragment mass-energy distribution, dependences of the mean prescission neutron multiplicity on the kinetic energy and mass of the fragments, etc.
The level-density parameter from the finite-range LDM has been approximated by the leptodermous-type expression on the three-dimensional grid. The extracted values of the coefficients a 1 = 0.0598 MeV −1 and a 2 = 0.1218 MeV −1 are in surprisingly good agreement with those of Ignatyuk and co-workers. The coefficients obtained for the level-density parameter could be useful in both statistical and dynamical modelling of the nuclear fission process when the finite-range LDM is used.
